5. Innate Ability (beliefs about capacity for learning; Schommer, 1990; Brownlee et al., 2001 ). Schommer (1994) also suggested that a learner may simultaneously hold competing beliefs and thoughts, and that these might be represented along interdependent continua. For example, a person may hold predominantly sophisticated beliefs about the certainty of knowledge by believing that it is mostly evaluativistic, and yet, maintain the belief that a small amount of knowledge is absolute. Equally, a person with predominately naïve beliefs may consider that most knowledge is absolute, yet deem a little knowledge to be evaluativistic. Like Perry (1970) , Schommer (1998a) recognized that a set of core beliefs may characterise "the learner's default approach to learning and interpreting information" (p. 131). She designed her questionnaire to assess these dominant epistemological beliefs.
A multidimensional understanding of epistemological beliefs, along with the addition of quantitative methods to complement qualitative investigation, has provided the necessary tools to investigate the outcomes of epistemological focused interventions. Numerous studies have demonstrated that epistemological beliefs have an impact on teacher practice and student outcome (Beers, 1988; Hashweh, 1996; Kang & Wallace, 2005; Richarson, Anders, Tidwell, & Lloyd, 1991; Schommer, 1993; Schommer et al., 1997) . Typically, students of teachers who reflect relativistic and constructionist beliefs and apply this in their practice, demonstrate more complex understandings of concepts, and are prone to critically evaluate and synthesise multiple knowledges and realities in relation to their construction of knowledge. It is this co-construction of knowledge, between instructor an instructed, that is posited as the zenith of developing a sophisticated personal epistemology and meta-cognition (Puntambekar, in press; Schellens & Valcke, 2005, in press ).
Studies have demonstrated that including critical reflection and challenges to epistemological beliefs as part of teacher education generates more sophisticated thinking about knowledge and beliefs about knowledge, and that this flows on to more proactive and postmodern approaches to teaching and early childhood pedagogy (Brownlee et al., 2001; Gill, Ashton, & Algina, 2004; Schommer et al., 1997) . Brownlee et al. (2001) implemented a teaching program with postgraduate education students that required them to reflect on their epistemological beliefs extensively throughout a year-long educational psychology unit. Students in the teaching program, as compared to a control group not involved in the program, developed more sophisticated epistemological beliefs and continued to maintain such beliefs over the first 2 years of their teaching experience (Brownlee, 2003) . While evidence supporting the overt focus on developing sophisticated epistemology in pre-service teachers accumulates, few coursework subjects in education focus on epistemology, and very few do so through empirically valid methods (Brownlee et al., 2001; Gill et al., 2004; Schoenfeld, 1999; Wideen et al., 1998) . To date, there are no published studies investigating the development of epistemological beliefs in education students through engagement in research and the co-construction of knowledge. Also, a search of educational and psychology databases reveal no studies examining epistemological beliefs in early childhood pre-service teachers (see also Wideen et al., 1998) .
The aim of this study was both to provide a genuine experience in quantitative and qualitative research pivotal to the construction of teaching knowledge, while encouraging students to reflect on their own epistemological beliefs and those of their peers and other teachers, and to investigate changes in their beliefs over the course of the intervention. We predicted that participants' epistemological beliefs would become more sophisticated, as demonstrated by the questionnaire, by the end of the semester. We hoped to demonstrate that this brief, genuine research experience focusing on personal epistemology would compel change in epistemological beliefs. We also hoped that our project would produce similar results to the Brownlee et al. (2001) study of epistemological reflection which did not include a focus on research experience.
Method

Participants
Subjects (N = 65) were class members of an undergraduate coursework subject on research methods in early childhood. All participants gave written informed consent, and were permitted to withdraw or not submit their data at any time. All students were required to complete the questionnaire and the interview as part of the coursework experience. The class originally comprised 75 students. Ten students did not submit data or withdrew, or withdrew from the subject. The remaining sample of 65 comprised 60 females. Mean age was 24.87 years (SD = .92). Approximately 12% stated they had formal childcare qualifications and 69% stated they had childcare experience. Approximately 34% held post-secondary qualifications made up of 20% from a technical college and 14% from a university. Seventy four percent of the sample had no children of their own. As the study challenged personal beliefs, all participants were offered counselling if they became distressed. All class members were co-researchers in the study and were required to submit an empirical report for assessment. The Human Research Ethics Committee of the university approved the study.
The learning context
The research methods unit involved a novel approach to learning because it addressed both the development of more sophisticated personal epistemologies through explicit reflection and the development of research skills through authentic research experiences. Each will be discussed in turn with reference to one student's personal reflection on the learning context.
The development of personal epistemologies was promoted by (a) encouraging students to explicitly reflect on their beliefs and by (b) exposing them to a research culture that promoted evidenced based knowledge (a characteristic of sophisticated epistemologies). Explicit reflection on beliefs was promoted by having each student interview a critical friend about their beliefs and then submitting to be interviewed by their critical friend about their own epistemological beliefs. Further reflection was encouraged by requiring students to analyse their critical friend's beliefs and to write-up the results of these interviews in terms of the personal epistemology literature. Participants were exposed to multiple research paradigms and methods and were challenged to think critically about the literature on epistemology. Assessment of student outcomes was based on their submission of a report of the current study. This was done in two stages, to allow critical feedback and editing. Further, students were required to consider the epistemological beliefs of other teachers during their field experience and record these in a journal while on practicum in an early education setting. The following reflection demonstrates a student's perspective on the focus on epistemology throughout the unit:
The beginning of any semester fills a student with mixed feelings. Excitement, trepidation, and dread, add Students were also encouraged to develop epistemological beliefs through exposure to the research culture. The students were co-researchers in the project and were encouraged to participate in discussion of research design and methods of analysing their data. Students were invited to participate in the writing of papers for publication and to share authorship. Some students were also invited to participate in conference presentations. This teaching method provided a genuine experience in research methods and how knowledge needs to be evidence based.
The development of research skills was the second learning outcome expected for the students. During the semester, participants were instructed on quantitative and qualitative research methods, validity and reliability, knowledge paradigms, and ways of knowing throughout lectures and tutorials. Instruction took the form of evidence-base learning by scaffolding them to develop their own research questions, hypotheses, and to evaluate the evidence. The following quote exemplifies students' need for scaffolding throughout this research process:
The Their research knowledge was also developed through direct involvement in a research study. In particular, participants were exposed to quantitative and qualitative research methodologies. Participants were not required to conduct or learn statistical analyses but were taught sufficient measurement theory to encourage critical reflection of the literature and an understanding of the terminology of descriptive and univariate inferential statistics. The following excerpt from the students' reflection on the unit demonstrates the level of stress associated with aspect of the research unit. They were also engaged in qualitative research which required them to conduct a semistructured interview with a classmate as described earlier. They were provided a list of standard interview questions (see Appendix B) and encouraged to use open-ended questions, summarizing, and checking questions. The interview was recorded on audiotape or digital media and later transcribed by the interviewer. Participants gave the recordings to the authors to preserve integrity and they were later returned. The transcriptions were retained by the authors for analysis. The participants were also required to participate in a co-requisite practicum in early childhood and complete a daily journal reflecting on their experiences and epistemological beliefs.
Participants then submitted their assignment, which included a literature review on epistemological beliefs, a method section of a research report on the study they were participating in, quantitative and qualitative results and a discussion section. This assignment compelled critical reflection on both personal epistemology and research methodologies.
… 
Procedure and Apparatus
In the pre-test phase, participants attended an introductory lecture on the content and requirements of the unit. The study was then explained in very general terms in the first tutorial sessions and consent forms were signed and returned. Participants were blind to the study and hypotheses at pre-test, but were not misled.
Participants completed an online version of Schommer's (1998) epistemological beliefs questionnaire (EBQ) and a demographic survey, and printed and returned these to the authors for analysis. The EBQ has moderate test-rest reliability (r = .70, Schommer et al., 1997) and reasonable internal consistency (Cronbach's alpha = .63 -.85, Schommer, 1993) . Several studies have reported the validity of the EQB scales and subscales in predicting test performance (Schommer, 1990) , interpreting information (Schommer et al., 1992) , understanding and monitoring understanding (Schommer et al., 1992) , perseverance on a difficult task (Dweck & Bempechat, 1983 , cited in Schommer, 1993 and measuring belief change in student teachers (Brownlee et al., 2001) . Students accessed the questionnaires via an online teaching website both on and off campus; access was restricted by student number and password. Some participants had difficulty accessing the site and were given equivalent hard copies to complete.
The post-test phase occurred nearing the end of semester. Using the same methods, participants again completed the EBQ and supplied a printed version to the authors for analysis.
Analyses
Schommer's (1998) method was used to condense the EBQ into the twelve primary subscales and the five secondary scales were then constructed according to Brownlee, Purdie and Boulton-Lewis (2001) . The data from the time 1 and time 2 EBQ were then submitted to repeated measures t-tests to assess change in beliefs over the course of the intervention.
Results
All results were tested on a two-tailed distribution at the 5% level of significance. Group mean scores on the EBQ scales and subscales were compared between time 1 and time 2 using repeated measures t-tests. Some data was incomplete or unidentified and was excluded from these analyses without impacting the results. Figure 1 illustrates significant changes over the course of the intervention; decreasing scores represent more sophisticated beliefs. The group became more sophisticated in their responses on the EBQ on 1 scale and 5 subscales following the intervention. Participants' beliefs that learning ability is innate (Innate Ability) became significantly more sophisticated with the intervention, t (51) = 2.62, p = .012. Changes toward more sophisticated beliefs approached significance on the scales Quick Learning and Simple Knowledge, t (53) = 1.89, p = .065, and t (51) = 1.88, p = .065 respectively.
Increased sophistication in beliefs was observed on subscales Avoid Integration, t (52) = 2.84, p = .006, Knowledge is Certain, t (53) = 2.09, p = .041, Don't Criticise Authority, t (53) = 2.77, p = .008, Ability to Learn is Innate, t (51) = 2.04, p = .046, and Success Unrelated to Hard Work, t (51) = 2.62, p < .001. These results suggest that at the belief level, the group was more likely to integrate knowledge, less likely to believe knowledge is certain, less likely to believe learning is based on innate ability, more likely to criticize the authority of experts, and more likely to believe that success is related to hard work.
Discussion
Epistemological beliefs are diverse and multidimensional as described by Schommer (Schommer, 1998) . The results clearly demonstrate significant changes in some epistemological beliefs over the course of the intervention. Generally, participants' epistemological beliefs became more sophisticated over the course of the semester. Although the mean differences are small, due to the scaling of the EBQ, they are considerable given the brevity of our intervention. Although the nature of the changes were somewhat different from those of Brownlee et al. (2001) , we achieved these results in 12 weeks compared to 12 months. Particularly, our sample became significantly more sophisticated in their beliefs about the uncertainty of knowledge and importance of knowledge integration, that ability to learn is not necessarily innate and that success is related to hard work, and that expert authority should not go unchallenged. These findings should be of considerable interest to teacher educators, and have wide implications for tertiary education pedagogy.
Not all of the scales of the EBQ demonstrated significant change toward the more sophisticated, and those scales that were significant were different from those of Brownlee et al. (2001) . Future research should aim to distill and explain these differences in terms of the sample characteristics, the methodological differences, and possible variance in the EBQ itself. However, it is a substantial finding of this study that, on a group level, no scale demonstrated a significant change toward the more simplistic level of epistemological beliefs. Beliefs were either unchanged or became more sophisticated. On the surface, our intervention involving genuine research experience, explicit reflection on beliefs about knowledge during practicum, combined with learning tasks that challenged knowledge and its authority succeeded in developing more sophisticated beliefs about knowledge and learning in this group of student teachers.
There are several limitations to our study. Our study was limited to early childhood preservice teachers and contains a diverse cohort of subjects, particularly older subjects with technical college and childcare backgrounds, and our participants were mostly female, which may be representative of the profession. This limits it generalisability to other education students. We used a repeated measures design without a placebo control. Thus we cannot attribute cause only to our intervention. We cannot exclude the possibility that the changes observed would have occurred naturally over the course of the semester, although we believe this explanation to be very unlikely. Finally, while participants were blind to the study at time 1, they were intricately aware of, and invested in the research question and hypotheses by time 2. This was part of our experimental intervention. We cannot therefore say that participants were not affected by researcher bias, although our results were mild to moderate and there were no extreme shifts in beliefs to give cause for concern. Overall, our intervention involving direct reflection on epistemological beliefs and a genuine research experience appears to have had a significant effect on our early childhood pre-service teachers.
We recommend that educators consider the importance of genuine experiences in knowledge construction and of student reflection on personal beliefs about knowledge and its impact on pedagogy in developing ongoing student learning experiences in early childhood teacher education. Teacher educators may promote more effective learning by requiring preservice teachers to explicitly reflect on the nature of their core beliefs about knowing. The effects of such meta-metacognition (metacognition about one's epistemological beliefs; Kitchener, 1983) and subsequent development of epistemological beliefs have been shown to impact on effective pedagogy (see Brownlee, 2003 and Brownlee & Berthelsen, 2004) . Given current national concerns about the quality of practice in early childhood contexts, it seems that efforts to promote sophisticated personal epistemologies in pre-service teachers can only benefit teachers and children. 
